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Loblolly pine (Pinus taeda) 1 seedlings, if they succeed in germinating under overhead shade and survive the first season or two, will almost inevitably die at some later period unless this competition is removed. This makes it impossible either to practice the single tree or pure selection system of silviculture, or to maintain successfully for an indefinite period a "normal" growing stock on the same area, from which only an amount equal to the annual growth is removed annually or even at 10-year intervals. Under such practice, conditions originally favoring the establishment of loblolly pine, caused by past cutting and fires, are gradually altered to favor the dominance of hardwoods of inferior species and quality, leading ultimately to elimination of loblolly pine.
On the other hand, if loblolly pine seedlings start in the same year with competing hardwood sprouts, they have a more than even chance of outgrowing and dominating the hardwoods in spite of their lesser height growth in the first year compared with sprouts. Full sunlight or freedom from overhead shade permits loblolly pine rapidly to assume its normal rate of growth in height, which can exceed that of all competitors except red gum (Liquidambar styraciflua) by from 25 to 50 per cent. Gum, due to its narrow crown, is not always a serious competitor if the pine develops at the same time, but, with oaks and other hardwoods, it becomes so if it starts 2-3 years earlier.
Observers are often confused by the fact that in a rather mature high forest of mixed pine and hardwoods, especially among the hardwoods, great numbers of young loblolly pine seedlings and small I Scientific names are those employed in Standardized Plant Names, 2nd ed., 1942. saplings are often found. Unless the hardwoods are removed by cutting within 5-10 years, these seedlings usually disappear in time. The immediate causes of their death are two, namely, fires and drought.
The height growth necessary for survival of these pine seedlings must be not less than 6 inches per year, which is about one-fifth of their normal growth. With this slow growth the bark remains relatively thin, and the least ground fire, even in favorable conditions in winter, usually wipes them out. After about thirty years under partial shade, and at heights of 15-20 feet, the saplings become so badly stunted that recovery is unsatisfactory even when released, and compares very unfavorably with younger pines grown under normal open conditions. Meanwhile, if a deficiency of moisture occurs, these seedlings growing under high shade die in great numbers with perchance a few straggling survivors.
At Urania, Louisiana, an experiment was laid out in 1941 in a typical area of high, mixed hardwood and pine, where at certain times of the day sunlight reached the forest floor. It was noted that even under these conditions the patches of advance growth of pines occurred only on these partially insolated spots, while places under continuous shade of dogwood (Cornusflorida) or other low crowns were devoid of pine reproduction. Ten consecutive adjoining plots of 1/100 acre each were run through this area and no cutting was done. At a distance of 75 feet an area 200 feet wide by 400 feet long, paralleling the first series, was cut clear of all timber and saplings. There was very little low brush on either area. A second series of 10 plots was established in this clearing, fully exposed to sunlight. The heights of all pine seedlings and saplings were measured annually for the years 1941-44 on each plot of both series. The stand of small pines was as dense on the cleared area as in the uncut stand. The two areas were initially almost identical as to soil, ground cover, and stocking. The results are shown in table I. The lesser stocking in 1941 shown on the cleared area was due in part to destruction during the cutting of the timber.
No seed trees were left within the cutover area, and seeding was from the adjoining stand, which was for the most part of young pines of the 1913 crop. On the cutover area over 1000 new seedlings per acre became established and assumed normal rapid height growth during the three growing seasons subsequent to cutting, although the years 1940 and 1941 when this seeding occurred were subnormal in seed production. Seeding did not take place to any extent subsequent to the first two years. On the uncut area practically no new seedlings were established, and the few that survived the first season died later.
The calendar year 1943 was marked by a deficiency of 15.67 inches from the average annual rainfall of 1930-43. Of this deficit, 14.95 inches occurred between January 1 and October 1, covering the growing season. It is in these drought years that young pines growing under high shade suffer their greatest -mortality. The mortality under full sunlight was also high from this cause but affected only the smaller suppressed seedlings in a stocking which by this year was nearly twice as heavy as the surviving stand under shade. The percentages of mortality were 27.25 for sunlight, and 41.51 for high shade. The foliage on the exposed plots was vigorous, that on the shaded plots sickly.
Height growth is the best criterion of thrift. The original stand of seedlings was growing at an average rate of 0.625 *foot per year, varying from 0.47 to 1.0 foot. (Basis 18 trees at random varying from 5 to 11 years in age and 3.9 to 8.1 feet in height.)
In comparing the annual height growth of the released with the shaded seedlings, the method of averaging the growth of all seedlings in each series is invalidated, first, by the entrance of 980 new seedlings in the released series, and second, by the distribution of mortality on the plots. Mortality on the released plots was greatest in those seedlings that were suppressed by their more vigorous competitors. On the shaded plots it was more severe, during the drought year of 1943, in the oldest seedlings, though affecting all classes. Consequently, the height growth of the 100 tallest seedlings in each series for each year was taken for comparison (table II) . The rapid measurement by a pole graded on a 1/10-foot scale, of several hundred seedlings, is inducive of some error which may explain the inconsistently large growth of shaded seedlings in 1942. The "shrinkage" in average height in 1943 for these seedlings is the result of mortality among the older and taller seedlings on the shaded plot, in sharp contrast to the increasing average growth rate, regardless of drought, on the open plot.
There remains the problem of competition with low brush of hardwood sprouts, largely red gum and red oak (Quercus falcatc), but including red maple (Acer rubrum), black gum (Nyssa sylvatica) and a few stragglers of other species. An experiment, on a plot 30 X 120 feet, was described in Bulletin 49, Yale School of Forestry, pages 17-20, which covered at that time (1941) nine years' record. A pure stand of 12-year-old loblolly pine over an area of 2 acres was completely destroyed by a crown fire in February, 1925 . No subsequent fire occurred, and in 1933 the plot was established, on which records of survival and height growth have been maintained annually for 12 years. The data published in Table 3 , page 20, of Bulletin 49, for the 9-year period 1933-41, inclusive, are here brought down to and inclusive of the year 1944, or for 3 additional years.
The significance of tables III and IV lies in the selective character of the mortality. No evidence of death of established seedlings, i.e., those which had survived the first two years, was observed in 1933 when the plot was laid out. The age of each seedling was determined as well as possible at that time. Owing to the fire occurring in February (1925), practically no pine seed fell on the burned area until thefall of that year. During 1926-28 seedling establishment was low, only 50 appearing (600 per acre, on 0.0826 acre). Yet of the surviving stand in 1944, of 55 seedlings, 36 are of these first 3 years, and only 19 have survived out of a total of 303 seedlings originating in subsequefit years. This does not tell the whole story. Of these 19 seedlings 13 are at present shaded, and only 6 free from overhead shade as yet. Since a separate annual record was kept of every pine, it was determined that not one seedling which sprang up under shade, i.e., was originally overtopped, has survived. Of the 303 trees that died, the number in this originally shaded class was 202. One hundred and one pines originated free of overhead shade, but were later brought under expanding crowns of larger pines, or hardwoods. The average period, from the time that this shading first occurred, until the death of the tree, was 5.27 years. The 13 remaining shaded trees should be dead within another 5 years. No seedlings have died while exposed to full overhead light.
The positive results of this experiment are that no pines have or will survive, in this area, whose origin was delayed 5 years from the date of the fire, and that effectual restocking and dominance of pine all occurred during the first 3 years. Had the fire not occurred in February after the seedfall, stocking in the year 1925 would have had a maximum chance. The death of 3576 established seedlings per acre from the effects of shade, largely caused by hardwoods, and the occurrence of these deaths always in the younger age classes which developed under shade, as shown in table IV, does not leave much room for the assumption that loblolly pine seedlings will "come through" when shaded by brush or make normal growth under shade or in "single tree selection" forests. The mortality, in table IV, is shown as occurring first in the smallest seedlings, 1 foot or less in height. With the increasing age of the stand and spread of dominant crowns of pine and hardwood, and the pronounced retarding effect of this shade on the rate of height growth of the pine seedlings affected, mortality extends into taller and taller shaded pines.
The process of final elimination of loblolly pine saplings and seedlings by either high or low shade is greatly hastened by deficiency of rainfall, the effect of which becomes greater as the stand increases in age. The data on rainfall by years were based on Urania records, which began in 1930, and the figures on excess or deficiency are taken from the average precipitation over the period 1930-1943 at Urania, based on the 14 years of records.
On two previous occasions the writer has noted the death of pine reproduction established under high shade in "pin oak" flats. The same thing occurred again in 1943. The deficiency of 7.65 inches of rainfall in 1942, followed by 15.67 inches in 1943, or 13.0 and 26.7 per cent, respectively, hastened the destruction of the shaded pines on this plot, as it did on the first described experiment under high shade, while having practically no effect in retarding height growth of the dominant pines and hardwoods in either of the two experiments.
The difficulty of appraising accurately the effect of shade, either high or low, on young loblolly pine sites, lies first in failure to ascertain the ages of the reproduction and compare them with normal height growth of free pines; second, from the fact that it takes, as shown, about five years for a pine originally free to die from the effects of shade after it is overtopped. By computing the ages of the trees in the year of their death it was found that the average life of all of the trees which succumbed had been 10 years, varying from 5 to 15 years. This indicates the future death of the remaining shaded pines, which originally were free but have been overtopped. The age of the dominant survivors averages 17 years. The tallest dead pine was 20 feet high. The height of the tallest live pine is now 55 feet.
Within two years of the death of a pine seedling or small sapling it has disappeared without a trace. Hence, the only way in which the actual effect of shade on survival of loblolly pine can be proved is by permanent records such as were secured in these two experiments. Meanwhile, during the average 10-year period of survival, any small fire in winter, at night, or under circumstances which would not kill healthy thickbarked seedlings, will wipe out these suppressed pines, thus concealing the fact that if these fires had not occurred the seedlings would die anyway within a very few years unless free now, and in the future, from overhead shade. So the plan of fire exclusion considered as a necessary concomitant of the plan of single tree selection cutting will fail of its object, since shade makes the ultimate disappearance of pine fairly certain, even in the absence of fire.
If there is one thing that seems assured, it is that, given a seed source and a seed year, the securing of an even start of pine seedlings with hardwood sprouts will surely result in dominance of pine because, when free from overhead shade, and only then, it greatly exceeds gum and oak in its capacity for height growth. Gum, oak, and other hardwood sprouts on the above plot have demonstrated in a striking manner their greater tolerance and ability to survive under shade as well as their slower dominant height growth. Of 246 hardwood sprouts and seedlings on the plot the survival and mortality is given in table V. There are 10 post oaks (Quercus stellata) (2 dead), 8 red maples (1 dead), 1 holly (h1ex opaca), 1 cherry (Prunus serotina), and 1 white oak (Quercus alba) on the plot. The deaths have so far occurred in small, sometimes recumbent, sprouts.
A crown map was made of this plot in 1933, locating all individual tree seedlings, to a scale of 1 inch = 5 feet, and indicating the areas in grass and subject to grazing, in brush (sweet fern), and under the small developing crowns of dominant pines. In 1941 a second crown map was made, and all pines and hardwoods which had died were indicated by placing a cross over the original dot. In this way the effect of overhead shade is strikingly shown, for practically all the shaded pines are dead, while the crowns of 42 loblolly pines and 29 hardwoods (508 and 351 per acre, respectively) then occupied (1941) 90 per cent of the crown space and will rapidly extend over the remaining area. Under the largest young pine 55 feet high and occupying over 300 square feet of crown space there are 16 crosses for dead pine seedlings and 4 for dead hardwoods, but there are also 22 surviving suppressed hardwoods. This condition holds throughout. As practically all the hardwoods originated in the spring of 1925 as sprouts, the average age, whether dominant or suppressed, is now 19 years. The comparative longevity under shade is already about twice as great as the shaded pines (11 years), with the limit not yet determined.
While shade has so far been emphasized, competition for water is equally important and may be paramount. The demonstrated fact of greater capacity for survival of hardwoods under shade may be due not solely to greater tolerance of shading but to greater capacity of the root systems to capture soil moisture in competition with the pines and hence to survive where the latter die. If this is a fact, every' effort should be made to prevent a dense understory of hardwoods from becoming established under a pine stand. If the pine is even-aged, dominant, and has grown normally, a winter fire at 10 years of age will kill out red gum and even oak without damaging the pines even to the extent of a fire scar. The fire of February, 1925, which crowned on the plot area in a 12-year-old stand because a back fire was set, burned 300 Ecology, Vol. 26, No. 3 acres, killing back the gum and oaks but leaving not even a fire scar on the loblolly pines. Such a fire, if repeated at proper intervals, enables the stand to mature without the setback in growth for the dominant trees which may occur because of too dense a hardwood understory, and keeps the area in condition for successful reproduction at the end of the rotation. The survival value of the loblolly pines in this mixed stand thus depends almost entirely on their ability to secure a dominant place in the crown cover. That of the hardwoods also depends to a great extent on this factor, but their existence under shade is prolonged by their much greater tolerance, enabling them to recover and take possession of the site when and if the dominant pines are removed as in logging or pulpwood operations.
The condition of this stand and its future composition is best indicated by comparisons of relative space occupied in the crown cover by pines and hardwoods, and their relative total basal areas and cubic volumes, rather than by the relative number of surviving trees. In table VI these relationships are shown for -the year 1941, at which time the crown map was made.
The predominance of the pines (practically all loblolly) over the hardwoods in the stand is effected by comparatively few trees, all of which originated within three years of the date of destruction of the original stand of young (12-year-old) pines. This fact is brought out in table VII.
In the three years since the crown map was made, expansion of the dominant crowns has continued to absorb the 23.7 per cent of space formerly unoccupied or covered by crowns of suppressed hardwoods and small pines. A comparison of the total squared crowns of pines and With larger numbers, the ratio could be shown separately for different species of hardwoods. That for the oaks is greater than for red gum.
The result of the complete destruction of the practically pure 12-year-old stand of forest-grown loblolly pine on cutover land, followed by one summer without seed and a sparse seed crop in each of the two following years, is a mixed stand of loblolly pine and hardwoods, of which the survivors constituting the future merchantable stand will consist of about 12 "wolf" pines per acre, plus about 250 dominant pines and perhaps 50 dominant hardwoods, of which the greater part is red gum. This is more than sufficient to produce a full stand of saw timber, but there will be a loss of about 15 cords of pine pulpwood from thinnings, caused by the replacement of pines by hardwoods. Had this been a typical cutover area and not a pure pine second growth, and had there existed a hardwood understory which was not destroyed by fire following the logging, the evidence shown by this experiment indicates that not enough seedling pines would have survived to make a stand of timber. This condition is widespread throughout the loblolly pine region accompanied by its corollary where fires have occurred subsequent to the establishment of seedling pines and killed them out. The killing back of hardwood sprouts at the time of cutting a pine stand must be followed by about 10 years of absolute fire protection before the young crop is past the danger period.
SUMMARY
The survival and dominance of loblolly pine seedlings, in competition with hardwood sprouts originating after cutting and fires, are assured by their more rapid height growth, provided the seedlings become established within one or two years, and do not meet competition with hardwood brush already established previous to cutting and remaining thereafter, in absence of fire.
The overhead shade of low hardwoods is fatal to loblolly pine seedlings. The average period required after initial shading, before death occurs, is a little over five years.
Under high overhead shade, with partial, intermittent sunlight, and in the absence of low competitive hardwoods, loblolly pine can survive as suppressed seedlings and small saplings for one or two decades, provided height growth exceeds six inches annually and severe droughts do not occur. In this condition the seedlings remain vulnerable to light surface fires at any season, by contrast to seedlings grown in open sunlight which rapidly attain resistance to winter surface fires.
The plot data, on which these conclusions as to the effect of high shade were based, consisted of two contrasted series of ten 1/100th acre plots, one of which was clear cut when the advance reproduction was from 8 to 15 years old, and the other left as a check series. The results are compared after the fourth growing season.
The conclusions as to the effect of low shade were based on data from a plot measuring 30 by 120 feet on which the position of each individual tree or seedling was mapped and its diameter breast high and total height measured annually for 12 seasons, beginning 8 years after the origin of the stand, which followed a crown fire. Mortality and height of survivors for both pine and hardwoods are shown by years, and a prediction is made as to the ultimate composition of the stand.
The silvicultural treatment indicated in managing these mixed stands in order to secure loblolly pine rather than inferior hardwoods consists, first of clear cut-ting in areas large enough to permit the pine seedlings to secure full sunlight, and second, the killing back of hardwood sprouts, at the time of cutting the mature timber, by winter burning, followed by exclusion of fire until the new seedling crop reaches fire resistant dimensions in from 6 to 10 years. Single tree selection as a system will tend progressively to bring about the substitution of inferior hardwoods for loblolly pine in the future stand.
